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Deformations of Deep Excavation Walls induced by Construction Processes 
Déformationes des murs de soutenement de fouilles, provoqués à l’occasion de leur mise en place 
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ABSTRACT 
The calculation of stresses and strains for serviceability limit states is often based on crude simplifications and the excavation walls
are assumed “wished in place”. As a common practice the earth pressure at rest is taken as initial state. In reality the construction
procedure may be one of the dominant factors for deformations. This topic is investigated by a number of case studies. Although some
construction procedures can already be modelled, up to now in many cases a theory is still missing. 

RÉSUMÉ
Le calcul des contraintes et des déformationes pour les états de service est souvent basé sur de grandes simplifications et les murs de
soutenement pour les fouilles sont présumés “wished in place”. Souvent la pression de terre au repos est supposée être à l’état initial.
En réalité en ce qui concerne les déformationes le procédé de construction est souvent le facteur prédominant. Ceci est étudié à partir
de plusieurs projets réalisés pour la plupart à Berlin. Bien que quelque procédés de construction puissent étre modelés, dans la plupart
des cas une théorie n’a pas encore été établie.  
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1 INTRODUCTION 

During the last decades the number of deep excavations adja-
cent to existing buildings has significantly increased. Therefore 
one major topic in design is the prediction of the deformation 
behavior of structures and the investigation of the serviceability 
limit state. 

In practical engineering the calculation of stresses and strains 
is often based on crude simplifications and the excavation walls 
are assumed as “wished in place” s. for example the German 
Recommendations for excavations, EAB (2000). As a common 
practice the earth pressure at rest is assumed as initial state 
condition. While in ultimate limit state the initial state may be 
only of minor influence the deformations in service states can 
depend to a high extent on stress history.  

Modern commercial finite-element software allows for tak-
ing into account of a stepwise construction procedure like exca-
vating or prestressing of anchors or struts in 2-dimensional 
conditions. This may be called a “staged construction” analysis. 
Modelling the construction process itself is up to now rather 
reserved to scientific investigations s. for example Grabe and 
Mahutko (2006) or Triantafyllidis (2006). For example Mayer 
simulated in 3-d the construction of panels for diaphragm walls 
in sand (Mayer, 2001) or Schäfer in clay subsoil (2006) . Loreck 
investigated the influence of the fresh concrete in the panels 
(Loreck et al., 2006, Loreck 2008). But there is still a gap in 
modelling for example the effects of constructing 

- anchors, 
- bored pile walls, 
- vibrated piles, so called RI-piles, 
- vibrated casing pipes for grouting, 
- bottom slabs by jet grouting. 

In the following it is attempted by a number of case studies 
to give some ideas about the ordner of magnitude of deforma-
tions induced by different construction procedures. 

2 VIBRATED PILES AND CASING PIPES FOR  
 GROUTING 

Deep excavations in Berlin were often constructed by installing 
under water a concrete bottom slab which was anchored to 
resist against uplift. In the case of the Debis excavation at Pots-
damer Platz the horizontal displacements of the wall caused 
during the installation of the so called vibrated RI-piles were 4 
times higher than predicted by a classical analysis (Triantafyl-
lidis, 1998). After the final excavation under water the maxi-
mum deformation in the cross section MV1 and MV 2 was 
about 10-12mm (s. phase 2 in Figure 1b) and 1c). 

Figure 1. Debis-excavation at Potsdamer Platz: a) cross section of 
excavation b) displacements in cross section MV 1 c) displacements in 
cross section MV 2 

It increased to about 38 to 58mm in phase 3 when the RI-
piles were constructed. Pumping off the water in phase 4 caused 
only a relatively small additional displacement of 10 mm to 
12 mm. The maximum difference of about 20mm in cross sec-
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tions MV 1 and MV 2, where the geological conditions are 
quite similar, can be explained by the time sequence and the 
geometrical arrangement of the piling works. Obviously the 
embedment at the foot of the wall reduced and at the same time 
pore water pressure increased. For details s. Triantafyllidis 
(2000). The influence of the construction procedure on the wall 
displacements is much smaller, when the concrete bottom slab 
is anchored by boring GEWI-piles, as shows the example of the 
Lehrter Bahnhof-excavation in Figure 2, s. phase 3 and phase 4. 
But it has to be noticed, that the advantage of reducing the 
horizontal wall displacements by using bored GEWI-piles 
instead of vibrated RI-piles of larger cross sectional area is 
counterbalanced with a higher heave of the concrete bottom 
compared to a anchorage by RI-piles. For details s. Triantafyl-
lidis and Rinke (1997).  

Figure 2.  Influence of boring GEWI-Piles on wall displacements 

 Measurements at the SONY-Center-excavation in Berlin 
showed also a relatively small horizontal differential wall dis-
placement, induced by the construction process of RI- combined 
with GEWI-piles, s. Figure 3. This may be explained by the 
different construction scheme of the DEBIS-excavation and the 
SONY-Center-excavation. In the SONY-Center excavation the 
bottom was sealed by a deep soft gel grouting layer and the RI- 
and GEWI-piles were installed after dewatering and excavating. 
For details s. Mayer (2001). 

Figure 3.  Horizontal displacements of excavation wall of SONY-Center 
a) total displacement after final excavation b) differential displacement, 
caused by installation of GEWI- and RI-piles 

 Gollub and Klobe (1995) observed horizontal wall dis-
placements with a magnitude of 100mm at the top of a sheet 
pile wall, installed in a slurry trench wall, while vibrating the 
casing pipes for the deep soft gel grouting, s. Figure 4b. The 

deformations are explained by a temporary softening in the soil, 
as shown by dynamic probing in Figure 4c. 

Figure 4. Wall displacements caused by vibrating casing pipes for 
grouting a) cross section  b) measurement of displacements c) results of 
dynamic probing 

 The deformations seem to be smaller when installing the 
tubes for injection by jet drilling without vibrating as demon-
strates the example Spreedreieck-excavation. Figure 5 shows 
the progress of deformations after boring the injection tubes, 
before installing the struts and after reaching the final excava-
tion level. Further details s. Hoffmann et al. (2008). 

Figure 5. Horizontal displacements of the Spreedreieck excavation wall 
a) due to boring tubes for grouting b) before installing the struts and for 
final excavation level 

3 JET GROUTING 

3.1   Unexpected heave and displacements when constructing         

a diaphragm wall 

While constructing a jet grouting girder system at the base of a 
excavation supported by a diaphragm wall, an unexpected heave 
at the surface and displacements of the wall against the soil side 
were observed.  

Figure 6 shows a typical cross section of the wall with the 
stratification. The wall was supported four times with braces
and anchors. To reduce the displacements at the bottom of the 
wall a girder system using jet grouting was installed to stiffen 
the whole system (Figure 7). 

Deformations and sectional forces were measured during the 
construction process to control the system.  

To the big surprise, while jetting the girder system from the 
ground level, the soil heaved up to 25cm in the center of the 
excavation and the wall moved to the soil side with a maximum 
at the top of about 24mm. While excavating the wall moved 
back to the inner side (Figure 8). For details s. Hettler et al. 
(1997, 2006). 
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Figure  6.  Cross section through building pit and soil layers 
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Figure  7.  Plan of building pit with jet grouted girders 
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Figure 8. Measured deformations of diaphragm wall in measuring cross 
section MQI during excavation 

3.2 Further Cases 

The Königstadt-Carree-excavation in Berlin was supported by a 
reinforced diaphragm wall with a deep jet grouting sealing 
bottom (Figure 9). During jet grouting from a level of NN = 
33.00m the crest of the upper non anchored part of the wall 
moved between 40mm and 50mm. The difference in the cross 
sections MQ2 and MQ3 can be explained by the sequence of the 

jet grouting works and the location of the jet columns. Similar 
results were obtained for the Mitte-Tiergarten-excavation, also 
in Berlin with the typical Berlin geological situation. For details 
s. Brand and Grothe (2007). A theoretical model to explain the 
effects is still missing. But the differences in the results of 
dynamic probing before and after jet grouting are remarkable.  

Figure 9. Wall displacements after jetting from level 33.00m and after 
final excavation 

4 BORED PILE WALLS 

Borchert (2008) summarizes that depending on the boring pro-
cedure dammages in buildings adjacent to excavations were 
observed. Especailly when using drill boring in dense silty fine 
sands negative pressure may arise under the boring tools and 
cause hydraulic failure with a loss of soil. Therefore the soil can 
loosen. 
 The phenomenon was also investigated in a recent 
work. For details s. Triantafyllidis (2007). 

5 ANCHOR BORING 

The installation of grouted anchors may also cause dammages 
in adjacent buildings particularly for multilevel anchored 
walls showing high density of anchor placement. Boring 
against groundwater with a hydraulic head is judged as spe-
cially unfavorable effect. Constructing the excavation walls 
for the long distance train station Potsdamer Platz in Berlin 
two rows of anchors had to be built very close under the tun-
nel and the station for the city railway, s. Figure 10. Although 
the material transport was thouroughly controlled during 
drilling settlements of the city railway tunnel were observed 
up to 7 cm, s. Figure 11. For details s. Borchert (2008). 

Figure 10. Cross section of city railway station and excavation wall at 
Potsdamer Platz in Berlin 
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Figure 11. Settlements at points A and B of city railway station at 
Potsdamer Platz in Berlin caused by installation of grouted anchors 

Similar experience was gained by Triantafyllidis and Rinke 
(1997). They observed settlements up to 9,5 cm at the most 
unfavorable point adjacent to an excavation wall at the station 
Lehrter Bahnhof.  

6 FURTHER HINTS 

Although the numerical analysis made much progress in the last 
years and it is nowadays possible to partly model some of the 
construction procedures itself, s. section 1, there is still a com-
plete theory missing for most of the effects, described in the 
previous sections. For example there are still many problems to 
solve how to describe the entire procedure for the installation of 
a grouted anchor. What happens during grouting ? Which ef-
fects have the different drilling methods ? Similar questions 
have to be answered in the attempt to analyse jet grouting. 
Dynamical effects, the development of pore water pressure and 
liquefaction have to be additionally taken into account model-
ling vibrated piles and casing pipes for grouting. Even in model-
ling the stress-strain behaviour for repeated loading and unload-
ing processes, s. for example Niemunis and Herle (1997), Nie-
munis (2003) with a low number of cycles for staged construc-
tion further development is necessary to describe in a more 
realistic matter elastic and plastic deformations.  

In Germany during the last years a discussion has started 
about these topics, s. for example Triantafyllidis (2006), and a 
group of researchers is trying to attempt to solve some of the 
problems described in this paper.  
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